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This application is based on application No. 10-2000-0000892 and 
No. 10-2000-0020101 filed in the Korean Industrial Property Office on 
January 10, 2000 and April 17, 2000 respectively, the contents of which are 
incorporated hereinto by reference. 

^° BACKGROUND OF THE INVEN TION 

C3 

^5 (a) Field of the Invention 

la The present inventon relates to a high crystalline polypropylene 

I microporous membrane and a preparation method of the same, and more 
cl particularly to a high crystalline polypropylene microporous membrane which 
^^'15 is prepared through the steps comprising preparing a precursor film using 
:5 high crystalline polypropylene having a 50% or more crystallinity and a very 
g. high isotacticity. annealing, stretching at a low temperature, stretching at a 
j high temperature, and heat setting, and a preparation method of the same. 
i Furthermore, the present invention relates to a multi-component 

20 micro-porous membrane and a preparation method of the same, and more 
particularly to a microporous membrane comprising two or more synthetic 
resin components, different from a conventional microporous membrane 
comprising one component of polypropylene, and a preparation method of 
the same. 

25 (b) Description of the Related Art 

A microporous membrane is being widely used in various fields such 
as filter membranes in air purification, water treatment, etc., separators In 
electrolysis, batteries, etc.. gas exchange membranes, artificial internal 
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organs, beverage purification, enzyme refining, etc. Tiie importance of a 
microporous membrane as a separator in batteries, particularly in lithium Ion 
batteries, is increasing. 

A separator for batteries, particularly a separator for lithium ion 
batteries among the applications, is described in the following. 

As separators for batteries, these membranes play a role that 
isolates an anode from a cathode, and thereby prevent short circuits due to 
melting contacts between two electric poles, and at the same time passing 
electrolyte or ions. Although varieties of separators are being used 
depending on the type of batteries, chemical materials of electrolytes, etc., 
various studies on separators for lithium ion batteries are recently being 
pursued since separators for lithium Ion batteries require different 
characteristics than separators used in conventional batteries. Although 
there are cellulose, nonwoven fabric, etc. as general separator materials 
used in conventional batteries, a novel microporous separator using 
synthetic resin materials has been developed since it is difficult for 
conventional separator materials to satisfy aforementioned characteristics 
required in batteries. 

There are many cases in which polyolefin based resin having a low 
reactivity with an organic solvent and a low manufacturing cost is used as a 
material for separators because highly active organic solvents are used as 
electrolyte In lithium ion batteries. However, there are no materials apart 
from polyolefin resin which have practically been used up to now as 
separators for lithium ion batteries. 

Although methods for preparing a precursor film by using polyolefin 
based resin include many processes which can be used theoreticafly or in 
laboratories, methods for preparing a microporous membrane used as a 
separator which is now commercially available can largely be divided into a 
wet process, in which filler or wax, and solvent are used, and a dry process 
in which solvents are not used. Furthermore, the stretching process related 
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With forming of microscopic pores from these methods frequently employs 
mono-axial stretching and double-axial stretching methods. 

A dry process can prepare a wider width of precursor film above all, 
has a relatively easier production process than a wet process, and does not 
use solvents, thereby having merits of a superior manufacturing environment 
and easier mass productbn. 

A preparation method of a microporous membrane using a dry 
process includes the continuous cold stretching and hot stretching processes 
as disclosed in United States Patent Nos. 3,679,538 and 3,801,692, etc. 
Generally, these processes Include a series of processes in which 
membrane fomiation is completed by heat setting after forming micropores 
on the film by passing a precursor film having a high crystallinity and 
elasticity through a cold stretching process and then continuously stretching 
the film at a high temperature. Particular technologies on the continuous 
cold stretching and high temperature stretching processes are disclosed in 
Unites States Patent Nos. 3.843,761 and 4.238,459. The disclosed 
technologies include methods in which the annealed precursor film is Initially 
cold stretched and then multi-step high temperature stretched. Furthermore, 
it is disclosed in United States Patent No. 5,013,439 that a membrane of 
which pore size is decreased and pore density is increased can be prepared 
using a multi-step cold stretching process in the continuous cold stretching 
and high temperature stretching processes. It is disclosed in United States 
Patent Nos. 5,385,777 and 5,480,745 that a microporous membrane is 
prepared through the aforementioned continuous multi-step cold stretching 
and high temperature stretching processes using a blend of polyethylene 
and polypropylene in order to improve safety of lithium ion batteries. 

Furthemiore, a preparation method of a separator for lithium ion 
batteries by laminating polyethylene and polypropylene using a dry process 
is disclosed in European Patent Publication Nos. 715,364, 718,901 and 
723.304, United States Patent Nos. 5,240,655, 5,342,695 and 5,472,792, 
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Japanese Patent Laid-open Publication No. Heisel 4-181651, etc. As 
described in the above, relatively weak amorphous regions are ruptured 
through cold stretching thereby fomiing pores in a dry process In which these 
separating membranes of crystalline polymer are prepared, and a separating 

5 membrane prepared by this process has problems in that porosity is not 
sufficiently improved since porosity and pore size of the membrane are 
somewhat decreased. It is also difficult to uniformly control pore size and 
appearance of the membrane, and there is a limit in increasing the stretching 
ratio for maintaining a fonn of the separating membrane, even though only 

0 pure polymer is used in the manufacturing process because of the merits of 
a clean process in which problems such as solvent contamination, etc. do 



g not exist at all. Furthermore, mechanical properties such as toughness 
v3 somewhat low due to anisotropy of stretching in the dry process. 



Furthermore, a general polypropylene separator is prepared using 



q 15 stretching without solvents in a diy process, wherein a high permeability and 
j3 desired mechanical properties together cannot be expected due to 
characteristics of polypropylene Itself and the preparation method, since 
g permeability and desired mechanical properties of the membrane generally 



Therefore, it is an object of the present invention, considering 
problems of the conventional technologies, to provide a microporous 
membrane of high crystalline polypropylene having unifomi pore size 
distribution, high pore density, and porosity. 

It Is other object of the present invention to provide a method for 
preparing a microporous membrane having uniform pore size distribution, 
high pore density, and porosity comprising the steps of preparing a precursor 
film using high crystalline polypropylene, annealing, low temperature 
stretching, high temperature stretching, and heat setting. 

It is another object of the present invention to provide a separator for 




tend to show inverse proportionality. 
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batteries, particularly a separator for lithium ion. or more particlulary a 
separator for litiiium ion polymer batteries having superior permeability 
characteristics and mechanical properties using the prepared microporous 
membrane. 

5 it Is another object of the present invention to provide a microporous 

membrane having a matrix of polypropylene prepared by stretching without 
using solvents, wherein both permeability and mechanical properties of the 
membrane are improved, and a method for preparing the same. 

In order to accomplish the objects, the present invention provides a 
10 high crystalline polypropylene microporous membrane satisfying one or more 
physical properties selected from the group consisting of a crystallinity of 
50% or more, isotacticity (pentad fraction) of 95% or more, an atatic fraction 
^^ of less than 5%, a density of 0.905 g/cm^ or more, a melting temperature of 
J 164 1C or more, and a crystallization temperature of 125 "C or more, 
p 15 Furthermore, the present invention provides a preparation method of 

l'^ a microporous membrane comprising the steps of: 

a) preparing a high crystalline polypropylene precursor film 
satisfying one or more physical properties selected from the group 
consisting of crystallinity of 50% or more, isotacticity (pentad 



s 

a 



Q 20 fraction) 
0.905 



of 95% or more, less than 5% of an atatic fraction, a density of 



g/cm' or more, a melting temperature of 164 X: or more, and a 
crystallization temperature of 125 t; or more; 
25 b) annealing the precursor film; 

r^ Strf5tOhion..the» 
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d) stretching the low temperature stretched film at a high 
temperature; 

and 

30 e) heat setting the high temperature stretched film. 
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Furthermore, the present invention provides a high crystalline 
polypropylene lithium ion battery separator satisfying one or more physical 
properties selected from the group consisting of crystallinity of 50% or more, 
isotacticity (pentad fraction) of 95% or more, an atatic fraction of less than 
5%, a density of 0.905 g/cwP or more, a melting temperature of 164 or 
more, and a crystallization temperature of 125 'C or more. 

Furthennore. the present invention provides a high crystalline 
polypropylene lithium ion polymer battery separator satisfying one or more 
physical properties selected from the group consisting of crystallinity of 50% 
10 or more, Isotacticity (pentad fraction) of 95% or more, an atatic fraction of 
less than 5%, a density of 0.905 g/cm' or more, a melting temperature of 
164 t: ormore, and a crystallization temperature of 125 "C or more. 

Furthermore, the present invention provides a multi-component 
□ microporous membrane having a matrix of polypropylene prepared by 
q 15 stretching without using a solvent, wherein a synthetic resin component of 
the multi-component microporous membrane comprises a) 70 to 99 weight% 
2 of polypropylene: and b) 1 to 30 weight% of one or more polymers selected 
p from the group consisting of poly(ethylene-butylene) copolymer. 

poly(ethylene-hexene) copolymer. poly(ethylene-octene) copolymer. 
N20 polyethylene prepared by metallocene catalysts. poly(ethyIene-vinylacetate) 
copolymer, poly(styrene-ethylene) copolymer. poly(styrene-butylene-styrene) 
copolymer, poly(styrene-ethylene-butylene-styrene) copolymer, silane group 
grafted polyolefin. maleic anhydride or acrylic acid grafted polyolefin, 
ionomer, and derivatives thereof. 
25 Furthennore, the present invention provides a preparation method of 

a multi-component microporous membrane having a matrix of polypropylene 
prepared by stretching without using a solvent comprising the steps of: 
a) mixing synthetic resin raw materials in a ratio of 

i ) 70 to 99 weight% of polypropylene; and 

ii ) 1 to 30 weight% of one or more polymers selected from the 
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group consisting of poly(ethylene-butylene) copolymer. 
poly(ethylene-liexene) copolymer, poly(ethylene-octene) 
copolymer, polyethylene prepared by metallocene catalysts. 
poly(ethylene-vinylacetate) copolymer, poly(styrene-ethylene) 
copolymer, poly(styrene-butylene-styrene) copolymer, 
poly(styrene-ethylene-butylene-styrene) copolymer, silane 



grafted polyolefin, maleic anhydride or acrylic acid grafted 
polyolefin, ionomer, and derivatives thereof; 

b) preparing a precursor film by feeding the mixed material into 
an extruder; 

c) annealing the precursor film at a temperature of polypropylene 
melting point or less; 

d) low temperature stretching the annealed film at a temperature of 
□ 15 ordinary temperature or less; 

-j^ e) high temperature stretching the low temperature stretched film at 

1 *®'"P®ratu''eo^ polypropylene melting point or less; and 
f) heat setting the high temperature stretched film under tension at a 

2 20 temperature of polypropylene melting point or less. 

Furthermore, the present invention provides a battery separator 
comprising the multi-component microporous membrane. 

Furthermore, the present invention provides a lithium Ion battery or 
particularly lithium ion polymer battery using the multi-component 
25 microporous membrane as a separator. 

BRIEF DESCRIPTIO N OF THE DRAWIMftR 

A more complete appreciation of the invention, and many of the 
attendant advantages thereof, will be readily apparent as the same becomes 
better understood by reference to the following detailed description when 
30 considered in conjunction with the accompanying drawings, wherein: 



"^OOlfSmi PCT/KROl/00037 



8 

FIG. 1 is a scanning electron microscope (SEM) pliotograph showing 
a microporous membrane prepared using fiigh crystalline polypropylene of 
EXAMPLE 1 of thie present invention; and 

FIG. 2 is a scanning electron microscope photograph showing a 
microporous membrane prepared using general polypropylene of 
COMPARATIVE EXAMPLE 1 of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

In the following detailed description, only the preferred embodiment 
of the invention has been shown and described, simply by way of illustration 
of the best mode contemplated by the inventors of canying out the invention. 
As will be realized, the Invention is capable of modification in various obvious 
respects, ail without departing from the invention. Accordingly, the drawings 
and description are to be regarded as illustrative in nature, and not restrictive. 

The present invention is described in detail as follows. 

Although a separator for batteries has not conventionally been 
prepared using high crystalline polypropylene, the present inventors found 
that air permeability of a membrane prepared from high crystalline 
polypropylene was much superior to that of a membrane prepared from 
general purpose polypropylene, thus they tried to use high crystalline 
polypropylene in the battery separator field which requires greater air 
permeability characteristics. 

First, after describing in detail high ciystalline polypropylene which is 
used for preparing a microporous membrane of the present Invention and a 
preparation method of a high crystalline polypropylene microporous 
membrane, a separator for batteries using a microporous membrane of the 
present invention will be described in detail. 

High crystalline polypropylene used in preparing a microporous 
membrane is high crystalline polypropylene having a crystalllnity of about 
50% or more (where the density of high crystalline polypropylene is about 
0.905 g/cm' or more), which is different from general purpose polypropylene 
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having a crystallinity of less than 50%. High crystaliine polypropylene of the 
present invention shows high density, melting temperature, and 
crystallization temperature, and superior mechanical properties such as high 
rigidity, heat resistance, impact resistance, scratch resistance, dimensional 
5 stability, etc. since it has a higher taclicity than general purpose 
polypropylene. 

There are various methods which distinguish general purpose 
polypropylene from high crystalline polypropylene, and among them a 
method which classifies based on melting temperature, crystallization 
10 temperature, crystallinity. isotactlcity, atatic fraction, etc. is representative. 
Melting temperature and crystallization temperature are measured using a . 
dynamic scanning calorimeter (DSC), wherein general purpose 
polypropylene has a melting temperature of 160 to 163 "C and a 
;« crystallization temperature of 117 to 120 °C while high crystalline 
2 polypropylene has a melting temperature of 164 r or more and a 
crystallization temperature of 125 t: or more. 

Crystallinity, a value in which weight of crystallized area per polymer 
I total weight is represented as a percentage, is measured using a dynamic 
J3 scanning calorimeter, a x-ray diffractometer (XRD). etc., wherein 
p20 polypropylene having a crystallinity of about 50% or more is called high 
crystalline polypropylene. Isotactlcity (pentad fraction) of polypropylene is 
measured by a C" nuclear magnetic resonance method, wherein isotactlcity 
(pentad fraction) of general purpose polypropylene Is from 93 to 96% while 
Isotactlcity (pentad fraction) of high crystalline polypropylene is about 95% or 
25 more. 

Furthermore, general purpose polypropylene exhibits an atatic 
fraction of 5% or more while high crystalline polypropylene of the present 
invention exhibits an atatic fraction of 5% or less when measuring atatic 
fractions of polypropylene using xylene. 

Therefore, a high crystalline polypropylene microporous membrane 
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satisfying one or more physical properties selected from the group consisting 
of crystaliinity of 50% or more, isotacticity (pentad fraction) of 95% or more, 
an atatic fraction of less than 5%, a density of 0.905 gW or more, a melting 
temperature of 164 V or more, and a crystallization temperature of 1 25 'C 
5 or more is preferably used in order to prepare a microporous membrane 
satisfying properties which are required in the present invention. The 
physical properties of high crystalline polypropylene of the present invention 
are correlated rather than independent, and particularly crystalllnity and 
Isotacticity (pentad fraction) among the physical properties are very Important 
10 in satisfying physical properties required in a microporous membrane of the 
present invention. Therefore, the values thereof should be satisfied. 
Furthermore, an air permeability of a microporous membrane prepared using 
5 high crystalline polypropylene of the present invention is preferably 500 
I sec/100 cc or less In order to improve conductivities of ions such as lithium 
|i5 ions, etc. through the membrane. A separator for lithium ion batteries 
comprising high crystalline polypropylene of the present invention preferably 
has a high mett-integrity temperature, preferably 164 t or more. In order to 
improve stability of the membrane. 

That is. high crystalline polypropylene witii the above-described 
physical properties is preferably used in the present invention, because if 
these properties are not present, pore uniformity and porosity of the 
prepared membrane do not become superior. The preparation method of a 
membrane using a dry process is a method in which pores are fomied by 
rupturing a relatively weak amorphous region through cold stretching after 
orientating a polymer crystal region toward a certain direction. Therefore, 
the present inventors have tried to improve permeability characteristics and 
mechanical properties of a membrane prepared using high crystalline 
polypropylene by judging that characteristics of a microporous membrane 
are greatly influenced not only by unrfomiity and degree of orientation of the 
polymer crystal region, but also by the crystalllnity of the polymer used. 
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That is. high crystalline polypropylene, instead of general purpose 
polypropylene having a 50% or less crystallinity, is used in the present 
invention so that a microporous membrane having an improved degree of 
orientation and much superior orientation uniformity can be prepared. 
Therefore, the porous membrane prepared using high crystalline 
polypropylene has a much more unifomi pore size and distribution, and a 
higher pore density and porosity than a conventional porous membrane, 
thereby having Improved mechanical properties due to improved pemieabillty 
properties, as well as the high crystallinity of polypropylene. 

When a porous membrane prepared using high crystalline 
polypropylene of the present invention is used as a separator for lithium Ion 
batteries, the separator has superior charging and discharging 
characteristics, particularly at low temperature, due to superior air 
permeability thus remarkably Improved ion permeability. It also remarkably 
Improves battery safety due to a high melting temperature of high crystalline 
polypropylene, thus having a high melt-lntegrity temperature 

Furthermore, a microporous membrane of the present invention can 
be prepared by solely using the high crystalline polypropylene, or by 
laminating or blending high crystalline polypropylene with a compound such 
as polyolefin having superior physical properties, etc.. In order to satisfy 
physical property requirements of the particular applications. 

Furthermore, a high crystalline polypropylene microporous 
membrane of the present invention, or a microporous membrane prepared 
by laminating or blending one or more compounds as above, can be used In 
a separator for lithium ion batteries or particularly a separator for lithium ion 
polymer batteries due to superior physical properties such as conductivity of 
ions. Air pemieability of the separator for lithium Ion batteries prepared 
using high crystalline polypropylene of the present invention is preferably 
500 sec/100 cc or less so that lithium ions can be easily conducted through 
the membrane. 
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A muHi-component material having a matrix of polypropylene used In 
preparing a multi-component microporous membrane of the- present 
invention, a preparation method of a multi-component microporous 
membrane having a matrix of polypropylene, and a separator for batteries 
using a multi-component microporous membrane of the present invention are 
described in detail as follows. 

A microporous membrane of the present invention is prepared in a 
method similar to the conventional dry process after molding a precursor film 
by blending polypropylene with a small amount of semi-compatible polymer. 

When polymers added to polypropylene of the present invention 
have high compatibilities with the polypropylene, inherent crystalline 
structure of polypropylene is destroyed thus making formation of pores by a 
stretching method difficult, and when they have insufficient compatibilities 
with the polypropylene, H is difficult to prepare a film having a uniform 
thickness distribution thus making it difficult to expect better mechanical 
properties since interfacial characteristics between the two components 
deteriorate. Therefore, It is important to select polymers having appropriate 
compatibilities. 

If these polymers are appropriately selected and melt blended with 
polypropylene to be well dispersed into the polypropylene, not only are 
pemtieabilttles improved by facilitating the easy forming of pores in the 
polypropylene, but mechanical properties are also Improved because the 
polymers function as an impact buffer zone against external Impulsion. 

Polymers added to polypropylene of the present Invention are mostly 
polyolefin of which typical examples are poly(ethylene-butylene) copolymer, 
poly(ethylene-hexene) copolymer, poly(ethylene-octene) copolymer, 
polyethylene prepared by metallocene catalysts, poly(ethylene-vinylacetate) 
copolymer. poly(styrene-ethylene) copolymer, poly(styrene-butylene-8tyrene) 
copolymer, poly(styrene-ethylene-butylene-styrene) copolymer, silane group 
grafted polyolefin, maleic anhydride or acrylic acid grafted polyolefin. 
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lonomer, and derivatives thereof, and a microporous membrane is prepared 
by selecting one or more polymers among them and melt blending them 
together with polypropylene. 

Polyethylene prepared by metallocene catalysts having a small 
difference of molecular weight distribution is suitable for objects of the 
present invention. Because of comonomers added along with ethylene and 
the difference of molecular weight distribution, polyethylene prepared by 
general Ziegler-Natta catalysts rather than by metallocene catalysts does not 
have good interfacial characteristics with polypropylene, thereby making it 
difficult to obtain high mechanical properties. Therefore, it is not suitable in 
the present invention. 

.J On the other hand, the various copolymers can have a random or 

I block structure depending on the polymerization methods, wherein both 
g structures can be applied, and particularly the block structure is more 
p^i5 preferable. 

. The polymers added are preferably added to a total composition in 

J an amount of 1 to 30 weight% and blended. It is difficult to expect that their 
pemieabHities improve even though their physical properties increase when 
their contents are 30 weight% or more. 

Although general polypropylene having a number average molecular 
weight of 10.000 or more can be used as a matrix in a microporous 
membrane of the present Invention, use of high crystalline polypropylene 
having a higher tactlcity than general purpose polypropylene can obtain 
greater effects. 

Polypropylene can be classified into high crystalline polypropylene if 
it satisfies at least one or more physical properties selected from the group 
consisting of a number average molecular weight of 10.000 or more, a 
density of 0.905 g/cc or more, a melting temperature of 164 V or more, a 
crystallization temperature of 125 t or more, crystallinity of 50% or more, 
an isotacticlty (pentad fraction) of 95% or more, and an atatic fraction of less 



J 



Q 



25 



30 



wo 01/51171 



PCT/KROl/00037 



14 

than 5%. 

Furthermore, the polypropylene can be one or more polypropyienes 
selected from the group consisting of high crystalline polypropyienes each 
having a dHferent number average molecular weight, weight average 
molecular weight, or molecular weight distribution, and general purpose 
polypropylene. 

A microporous membrane is prepared by processing the above 
described precursor film prepared by multi-component blending in a dry 
process in the present invention. Particularly when the microporous 
membrane is used as a separator for lithium ion batteries, battery 
perfomnances are improved due to improved pemrieability and mechanical 
properties. 

Furthermore, high permeability and mechanical properties can 
provide more superior battery characteristics when the microporous 
membrane is used as a part of a laminated membrane in lithium ion batteries, 
and it can provide superior battery characteristics when the microporous 
membrane is used as a separator in lithium ion polymer batteries in which 
gel phase polymer electrolyte is used. For example, a lithium ion polymer 
battery is manufactured by coating gel phase polymer electrolyte on both 
sides of a microporous membrane of the present invention, wherein suspect 
permeability and mechanical properties of polymer electrolyte can be 
complemented by superior permeability and mechanical properties of the 
present invention. 

Furthermore, a microporous membrane of the present invention 
corresponds with varieties of lithium ion battery characteristics in the case of 
500 sec/100 cc or less of air permeability, 

A preparation method of a microporous membrane by a dry process 
using high crystalline polypropylene of the present invention is described in 
the following. 

(1 ) preparing of precursor film: 
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A precursor film is prepared solely from iiigh crystalline 
pdlypropylene of the present invention or high crystalline polypropylene 
contained polyolefin using an extruder with a T-die or tubular die attached in 
an ordinary method. Although extmsion conditions can be varied 
depending on compounds used In preparing a microporous membrane, It is 
preferable that a extrusion temperature is from 150 to 300 'C, a temperature 
of a cooling roll is from 0 to 150 t:, and a taklng-up speed is from 5 to 1 00 
m/min. 

(2) annealing of film: 

The prepared precursor film . Is annealed in a dry oven at a 
temperature of below the melting point of polyolefin in order to raise 
crystalllnlty and the ratio of elastic restitution. The annealing is preferably 
carried out at a temperature of below the melting point of the polyolefin used 
for 30 seconds to 1 hour, since a melting point of general polyolefin is lower 
than that of high crystalline polypropylene. 

(3) low temperature stretching: 

Microcracks are formed by mono-axlally stretching or bl-axlally 
stretching the annealed film using a roll or other different stretching machine 
at a temperature of below the ordinary temperature. A stretching ratio of 
low temperature stretching is preferably from 10 to 150% although It can be 
changed depending on the formation degree of microscopic pores. 

(4) high temperature stretching 

Microscopic pores having desirable sizes are fomned and mechanical 
properties are provided to a membrane prepared by mono-axially or bi-axially 
stretching the low temperature stretched film using a roll or other different 
stretching machines at a temperature of below the melting point of the 
polymer. Although the high temperature stretching conditions can be varied 
depending on raw materials of the membrane, It Is preferable that a 
temperature of high temperature stretching is from 100 to 200 "C, and a 
stretching ratio Is from 30 to 200%. 
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(5) heat setting 

Microscopic pores - formed by heat setting the high temperature 
stretched film under the state in which tensions are received for a certain 
duration of time at a temperature of below the melting point of a polymer for 
preparing a film are stabilized. The heat setting is preferably performed at a 
temperature similar to that of high temperature stretching, for about 1 minute 
to 1 hour. 

The steps used in the preparation method of a microporous 
membrane of the present Invention describe overall processes for preparing 
a membrane having optimum physical properties, wherein the membrane 
can be prepared not only by skipping some of the steps or adding processes 
depending on the physical property requirements of the membrane, but also 
by changing an order of each of the steps. 

Physical properties such as air permeability, porosity, pore size, 
shut-down temperature, melt-integrity temperature, etc. are measured on the 
microporous membrane prepared in the above method. 

Since a microporous membrane prepared by the present invention 
exhibits a much more unifonn pore size distribution, higher pore density and 
porosity compared to a membrane prepared of conventional general purpose 
polypropylene, thereby having improved permeability and superior 
mechanical properties, it can be used as a separator for batteries when it is 
extruded to a certain thickness. Particularly, when a separator for lithium 
Ion polymer batteries is prepared using a microporous membrane of the 
present Invention, the separator is prepared by coating gel phase polymer 
electrolyte on both sides of a microporous membrane of the present 
Invention which is prepared to a certain thickness In an ordinary method. 
Polymer electrolyte which Is used in preparing the separator for lithium ion 
polymer batteries is one or more materials selected from the group 
consisting of polyvinylidene fluoride(PVDF), polyvinylidene fluoride 
chlorotrifluoroettiylene, polyvinylidene fluoride hexafluoropropylene 
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copolymer, polyethylene oxide, polypropylene oxide, polyurethane, 
polyacrylonitrile, polymethylacrylate, polyacrylarnide, polyvinylacetate, 
polyvinylpyrrolidone, polytetraethylene glycol diacrylate, and copolymers or 
derivatives thereof. 

Furthermore, a preparation method of a microporous membrane 
comprises the steps of: 

a) mixing: polypropylene or other added polymers are dry blended 
with a tumble blender or melt blended with an extruder, etc. 

b) preparing a precursor film: a precursor film is prepared by 
extruding the blended mixture with an extruder to which a T-die, or tubular 
die is attached. 

c) annealing: the prepared precursor film is annealed at a 
temperature of below the melting point of polypropylene In a dry oven in 
order to raise the crystallinity and ratio of elastic restitution. 

d) low temperature stretching: microcracks are fonned on the 
annealed film by stretching the film at an ordinary temperature or less using 
a roll or other different stretching machines. 

e) high temperature stretching: microscopic pores having desirable 
sizes are fomied by stretching the microcracks which are produced by the 
low temperature stretching, etc. using a roll or other different stretching 
machines at a temperature of polypropylene melting point or less, and 
mechank;al properties are provided to the membrane. 

f) heat setting: the high temperature stretched film Is heat set under 
the state in which tensions are received at a temperature of polypropylene 
melting point or less for a certain duration of time. 

The above steps describe the preparation of a microporous 
membrane having optimum physical properties, wherein some steps can be 
skipped, or additional processes can be added depending on the desired 
final physical properties, and the order of some of the steps can be changed. 

The present invention is explained more In detail by the following 
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EXAMPLES and COMPARATIVE EXAMPLES. However, EXAMPLES are 
only for exemplifying the present invention, and not for limiting the present- 
invention. 

[EXAMPLES] 

Microporous membranes prepared by the following EXAMPLES and 
COMPARATIVE EXAMPLES were evaluated for the following 
characteristics: 

a) thickness; 

b) pore size: scanning electron microscope (SEM), transmission 
electron microscope (TEM); 

c) porosity: American Society for Testing and Materials (ASTM) 
D2873; 

d) air pemneabllity: Japanese Industrial Standard (JIS) P8117; 

e) tensile strength, tensile modulus, and elongation at break: 
American Society for Testing and Materials (ASTM) D882; 

f) puncture resistance; and 

g) melt-integrity temperature 

EXAMPLE 1-1: prepa ring of a microporous membrane using high crvstalline 
polypropylene 

High crystalline polypropylene having a melt index of 2.0 g/ 10 min, a 
density of 0.91 g/ cc, a melting temperature of 167 "C measured using a 
dynamic scanning calorimeter, a crystallization temperature of 135 t:, a 
crystallinlty of 58%, isotacticity (pentad fraction) of 98.5% measured by C" 
nuclear magnetic resonance, and an atatic fraction of about 2% measured 
after being dissolved with xylene was used as a raw material of a 
microporous membrane. A precursor film was prepared from the high 
crystalline polypropylene using a single screw extruder with a T-die having 
an extruding temperature of 220 °C attached, and a take-up device having a 
cooling roll temperature of 70 'C and a taking-up speed of 50 m/min, 
wherein the draw down rate of the prepared precursor film was 70. The 
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prepared precursor film was annealed in a dry oven at a temperature of 
160 'C for 1 hour. The annealed film was mono-axially stretched to 50% of 
the stretching ratio based on the initial length at the ordinary temperature 
using a roll stretching method. The ordinary temperature stretched film was 
high temperature mono-axiaHy stretched to 100% of the stretching ratio at a 
temperature of 140 'C using a roll stretching method, heat set under the 
state in which tensions were received at a temperature of 140 *C for about 
10 minutes, and then cooled, thereby preparing a microporous membrane. 
Physical properties of the obtained microporous membrane were measured 
and the results are represented in the following Table 1, and the result of a 
scanning electron microscope photograph of a microporous membrane is 
represented in FIG. 1. 

As can be seen in Table 1, it Is found that air permeability and 
porosity of a membrane prepared using high crystalline polypropylene of 
EXAMPLE 1-1 were remarkably improved compared with a membrane of 
COMPARATIVE EXAMPLE 1-1 prepared using general purpose 
polypropylene, and melt-Integrity temperature, considered to be important 
when used as a separator for batteries, was shown to be high. Furthermore, 
as can be seen in scanning electron microscope photographs of FIG. 1 and 
FIG. 2. a microporous membrane prepared using high crystalline 
polypropylene of the present invention showed remarkably high unifonnity of 
membrane pore size and pore density as compared with a microporous 
membrane prepared using general purpose polypropylene. 
EXAMPLE 1-2: preparing of a m i croporous membrane comprised by 
laminating high crystalli ne polvproDvlene and polyethy lene 

The same high crystalline polypropylene and high density 
polyethylene as used in the EXAMPLE 1-1 were used as raw materials of a 
precursor film. The high density polyethylene had a melt Index of 0.3 g/ 10 
min and a density of 0.964 g/ cc. A precursor film was prepared using the 
same extruder, T-die, and take-up device as in the EXAMPLE 1-1, wherein 
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an extruding temperature was 210 t: , a cooling roll temperature of a take- 
up device was 80 "C, a taking-up speed was 50 m/min, and a draw down 
rate of the prepared precursor film was 70 in the case of polyethylene. 
Each thickness of the prepared high crystalline polypropylene and high 
5 density polyethylene precursor films was 10 m> The two prepared 
precursor films were laminated in the order of polypropylene, high density 
polyethylene, and polypropylene at a high temperature using a press having 
a temperature of 130 t: and pressure of 50 kg/cm^. The laminated 
precursor film was annealed in the same dry oven as in the EXAMPLE 1-1 at 
10 a temperature of 125 'C for 1 hour. The annealed film was mono-axially 
stretched to 50% of the stretching ratio at the ordinary temperature, and the 
ordinary temperature stretched film was high temperature mono-axially 
iy stretched to 100% of the stretching ratio at a temperature of 125 in the 

m 

£3 same method as in the EXAMPLE 1-1. And then, the film was heat set 
Q 15 under the state in which tensions were received at a temperature of 125 TC 
g for about 10 minutes, and then cooled, thereby preparing a microporous 
membrane. Physical properties of the obtained microporous membrane 
□ were measured, and the results are represented in the follovwng Table 1 . 

"•a 

H 20 As can be seen in Table 1, It is found that air permeability and 

porosity of a laminated membrane prepared In the EXAMPLE 1-2 were 
superior than a membrane prepared from general purpose polypropylene of 
COMPARATIVE EXAMPLE 1-1, and particularly, the melt-integrity 
temperature determined by polypropylene was shown to be high resulting in 

25 advantages in battery safety aspects. 

EXAMPLE 1-3: preparing of a microporous membrane comprised by 
blending high crystalline polvprooylene and polyethylene 

The same high crystalline polypropylene and high density 
polyethylene as used in the EXAMPLE 1-1 and EXAMPLE 1-2 were used as 

30 raw materials of a precursor film after blending polypropylene and high 
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density polyethylene, in a composition ratio of 70 weight% and 30 weight%, 
respectively? A precursor film was prepared using the same extruder, T-die, 
and take-up device as in the EXAMPLE 1-1, wherein an extruding 
temperature was 210 V. a cooling roll temperature of a take-up device was 
80 *C, a taking-up speed was 50 m/min, and draw down rate of the prepared 
precursor film was 70. The obtained precursor film was annealed in the 
same dry oven as in the EXAMPLE 1-2 at a temperature of 125 'C for 1 
hour. The annealed film was mono-axially stretched to 50% of the 
stretching ratio at the ordinary temperature, and the ordinary temperature 
stretched film was high temperature mono-axially stretched to 100% of the 
stretching ratio at a temperature of 125 t , in the same method as in the 
EXAMPLE 1-1. And then, the film was heat set under the state In which 
tensions were are received at a temperature of 1 25 'C for about 1 0 minutes, 
and then cooled, thereby preparing a microporous membrane. Physical 
properties of the obtained microporous membrane were measured, and the 
results are represented in the following Table 1 . 

It Is found that air pemfieabilrty and porosity of a membrane prepared 
in the EXAMPLE 1-3 were also superior to a membrane prepared in 
COMPARATIVE EXAMPLE 1-1, and the melt-integrity temperature was 
shown to be a similar high value to that of a membrane comprised of a 
laminate of the EXAMPLE 1-2. resulting in advantages in battery safety 
aspects. 

COMPARATIVE EXAMPLE 1-1: nr eparinQ of a mirrnporous membr;.nA 
using general puroose polypropylene 

A microporous membrane was prepared in the same method and 
conditions as in the EXAMPLE 1-1 using general purpose polypropylene 
having a melt index of 2.0 g/ 10 min, a density of 0.90 g/ cc, a melting 
temperature of 162 "C measured using a dynamic scanning calorimeter, a 
crystallization temperature119 'C, 48% of crystallinity. isotacHcity (pentad 
fraction) of 94% measured by C" nuclear magnetic resonance, and an atatic 
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fraction of about 6% of measured after being dissolved with xylene. 
Physical properties of the obtained mifcroporous membrane were measured, 
and the results are represented in the following Table 1, and the result of a 
scanning electron microscope photograph of a microporous membrane is 
5 represented in FIG. 2, 
EXAMPLE 2-1 

After preparing a precursor film using high crystalline polypropylene 
as a matrix and poly(ethylene-butylene) copolymer as an added polymer, a 
microporous membrane was prepared by stretching the precursor film in a 
10 dry process. 

Q (Mixing) 

ill 

90 weight% of high crystalline copolymer having a melt index of 2.0 
t^i g/ 10 min, a density of 0.91 g/ cc, a melting temperature measured by a 
g dynamic scanning calorimeter (DSC) of 167 t:, a crystallization temperature 
Pi5 of 135 1C, and crystallinlty of 58%, and 10 weight% of poly(ethylene- 
butylene) copolymer having a mett index of 2.5 g/ 10 min and a density of 0.9 
g/ cc were dry blended using a tumble blender. 
(Preparing of a precursor film) 

A Prei^rsor film was prepared from the blended mixture using a 
^20 Single screw extruder with a T-die attached and a take-up device. The 
extrusion temperature was 200 "C. cooling roll temperature of the take-up 
device was 60 'C, taking-up speed was 20 m/min, and draw down rate 
(DDR) was 90. 

(Annealing) 

25 The prepared precursor film was annealed at a temperature of 

160 "C fori hour in a dry oven. 

(Low temperature stretching) 

After annealing, the annealed film was mono-axtally stretched to 
50% of the stretching ratio based on an initial length at the ordinary 
30 temperature using a roll stretching method. 



s 
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(High temperature stretching) 

After low temperature stretching, the low temperature^ stretched film 
was mono-axially high temperature stretched to 100% of the stretching ratio 
at a temperature of 140 V using a roll stretching method. 
5 (Heat setting) 

After high temperature stretching, the high temperature stretched film 
was heat set under the state In which tensions were received at a 
temperature of 140 t: for 10 minutes and then cooled, thereby preparing a 
microporous membrane. 

various physical properties of the prepared microporous membrane 
are represented in the following Table 2. 

As can be seen from the following Table 2, It can be found that air 
pemieability and mechanical properties of a microporous membrane 
prepared using a multi-component blend were remarkably improved 
compared with the microporous membranes prepared using a single 
component of polypropylene In COMPARATIVE EXAMPLES 2-1 and 2-2, 
and the melt-integrity temperature, particularly Important when used as a 
separator for batteries, was greatly Increased compared with 
COMPARATIVE EXAMPLE 2-1. Furthermore, physical properties such as 
puncture resistance, etc. were greatly improved. 
EXAMPLE 2-2 

A microporous membrane was prepared in the same method as in 
the EXAMPLE 2-1 except that a precursor film was prepared using high 
crystalline polypropylene used in the EXAMPLE 2-1 as a matrbc. and by 
adding polyethylene which was prepared using metallocene catalysts, as an 
added polymer. Polyethylene prepared using metallocene catalysts had a 
melt index of 1.0 g/ io min and density of 0.935 g/cc. Various physical 
properties of the prepared microporous membrane are represented in the 
following Table 2. 

As can be seen in the following Table 2. it can be found that air 
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permeability, mechanical properties, and melt-integrity temperature of the 
prepared mioroporous membrane were superior, and tensile modulus in 
particular was greatly improved. That seems to be caused by inherent 
characteristics of polyethylene prepared using metallocene catalysts. 
EXAMPLE 2-3 

A microporous membrane was prepared in the same method as in 
the EXAMPLE 2-1 except that a precursor film was prepared using high 
crystalline polypropylene used In the EXAMPLE 2-1 as a matrix, and by 
adding poly(ethylene-butylene) copolymer used in EXAMPLE 2-1 and 
polyethylene which was prepared using metallocene catalysts used in 
EXAMPLE 2-2 as added polymers. Composition blend ratios of the 
precursor were 90 we|ght% of high crystalline polypropylene, 5 weight% of 
poly{ethylene-butylene) copolymer, and 5 weight% of polyethylene, prepared 
using metallocene catalysts. Various physical properties of the prepared 
microporous membrane are represented in the following Table 2. 

As can be seen In the following Table 2, it can be found that air 
permeability, mechanical properties, and melt-Integrity temperature of the 
prepared microporous membrane were superior. 
EXAMPLE 2-4 

A microporous membrane was prepared in the same method as In 
the EXAMPLE 2-1 except that a precursor film was prepared using high 
crystalline polypropylene used in the EXAMPLE 2-1 as a matrix and by 
adding poly(styrene-butyIene-styrene) copolymer as an added polymer, 
■me styrene fraction within poly(styrene-butylene-styrene) copolymer was 70 
weight%. Various physical properties of the prepared microporous 
membrane are represented in the following Table 2. 

As can be seen in the following Table 2, It can be found that air 
permeability, mechanical properties, and melt-integrity temperature of the 
prepared microporous membrane were superior, and tensile strength in 
particular was improved. 
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COMPARATIVE EXAMPLE 2-1 

A microporous membrane was prepared in the same method as the 
EXAMPLE 2-1 except that a precursor film was prepared using only general 
purpose polypropylene as a matrix without adding any secondary polymers. 
The general purpose polypropylene used had a melt index of 2.0 g/ 10 min, a 
density of 0.9 g/ cc, a melting temperature measured by a dynamic scanning 
calorimeter (DSC) of 162 "C, a crystallization temperature of 119 'C, and 
crystallinity of 48%. Various physical properties of the prepared 
microporous membrane are represented in the following Table 2. 
COMPARATIVE EXAMPLE 2-2 

A microporous membrane was prepared in the same method as the 
EXAMPLE 2-1 except that a precursor film was prepared solely using high 
crystalline polypropylene used in the EXAMPLE 2-1 as a matrix without 
adding any secondary polymers. Various physical properties of the prepared 
microporous membrane are represented in the following Table 2. 



[Table 1] 



Qasstficatlon 


EXAMPLE 1-1 


EXAMPLE 1-2 


EXAMPLE 1-3 


COMPARATIVE 
EXAMPLE M 


Thickness (w) 


25 


25 


25 


25 


Pore size (pore diameter: m) 


0.3 X 0.1 


0.3 xai 


0.3x0.1 


0.2 X 0.1 


Porosity ^) 


43 


42 


44 


37 


Air permeability (sec/ lOOcc) 


250 


380 


310 


530 


Shul-down temperature ('C) 


lS 


135 


134 


160 


Melt-Integrity temperature (*C) 


168 


168 


168 


162 
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IJable 2] 



Classification 


EXAMPLE 


EXAMPLE 


EXAMPLE 


EXAMPLE 


COM. 


COM. 




2-1 


2-2 




2-4 


EXAMPLE 
2-1 


EXAMPLE 
2-2 


Thickness {m) 


20 


20 


20 


20 


20 


20 


Air permeability 
(sec/IOOcc) 


140 


160 


155 


165 


460 


200 


Tensile strength (kgf/cm^) 


1200 


1050 


1120 


1100 


580 


750 


Tensile modulus (kgf/on^) ~ 


4900 


6400 


5700 


5900 


2300 


3000 


Elongation at break (%) 


55 


45 


50 


50 


40 


35 


Puncture resistance (g) 


220 


150 


IBS 


160 


105 


120 


Melt-integrity temperature 
CO 


16B 


16B 


168 


168 


162 


166 



Since a microporous membrane prepared by a preparation method 
of a high crystalline polypropylene microporous membrane of the present 
invention has much more uniform pore size distribution, and high pore 
density and porosity, it can be used as a separator for batteries, particularly 
a separator for lithium ion batteries, or more particularly a separator for 
lithium ion polymer batteries, and it has superior pemieabillty and 
mechanical properties. 

Furthenmore. a multi-component microporous membrane of the 
present invention has superior permeability and mechanical properties as 
compared to a conventional microporous membrane comprising a single 
component of polypropylene. Furthemiore. battery perfomiances are 
improved due to improved permeability and mechanical properties when a 
multi-component microporous membrane of the present invention is used as 
a battery separator of a lithium ion battery, etc. When high crystalline 
polypropylene is used as a matrix, charging and discharging characteristics, 
particularly charging and discharging characteristics at a low temperature.' 
are improved due to remarkably improved pemieabilities, and melt-integritjj 
temperatures are increased due to a high melting temperature thereby 
providing big merits in battery safety aspects. 



wo 01/51171 




PCT/KROl/00037 



27 

While the present invention has been described in detail with 
reference to the preferred embodiments, those skilled in the art will 
appreciate that various modifications and substrtutions can be made thereto 
without departing from the spirit and scope of the present invention as set 
forth in the appended claims. 



